Abstract Triple-negative breast cancer (TNBC) refers to about 15-20 % of all breast cancer cases. It is characterized by worse clinical outcome, poor prognosis, and absence of prognostic indicators. Several polymorphisms in the nucleotide excision repair (NER) and base excision repair (BER) gene have been extensively studied in association with various human cancers. The aim of this study was to evaluate the role of the hOGG1 -Ser326Cys (rs13181), XRCC1 -Arg194Trp (rs1799782), and ERCC2 -Lys751Gln (rs13181) gene polymorphisms with clinical parameters and the risk for development of triple-negative breast cancer. Our research included 70 patients with TNBC and 70 healthy controls. Gene polymorphisms were genotyped by the PCR-RFLP (restriction fragment length polymorphism) method. The genotype distributions were contrasted by the chi-square test, and the significance of the polymorphism was assessed by multiple logistic regression producing odds ratios (ORs) and 95 % confidence intervals (CIs). In the present work, a relationship was identified between ERCC2-Lys751Gln polymorphism and the incidence of triple-negative breast cancer. An association was observed between triple-negative breast carcinoma occurrence and the presence of Gln/Gln genotype (OR=5.71 (2.12-5.43), p = 0.0007). A tendency for an increased risk of TNBC was detected with the occurrence of 751Gln allele of ERCC2 polymorphism. No significant associations between Ser326Cys and Arg194Trp genotype and TNBC were observed. We suggest that the Lys751Gln polymorphism of the ERCC2 gene may be risk factors for triple-negative breast cancer development in Polish women.
immunohistochemical staining allow researchers to define the molecular heterogeneity of different disease subtypes and to guide the selection of appropriate treatment.
The triple-negative phenotype, defined as the lack of estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor-2 (HER-2) expression, represents approximately 15-20 % of breast cancer cases and has a worse clinical outcome and prognosis than other breast cancer subtypes [2] [3] [4] [5] [6] . As a group, triplenegative breast cancer (TNBC) is frequently associated with development of distant metastasis, shorter survival, and a higher mortality rate than other disease subtypes. Most recurrences are observed during the first and third years after therapy, and most deaths take place in the first 5 years, even after a strict therapeutic regimen. The triple negativity represents an independent factor for poor prognosis evaluation for breast cancer [2] [3] [4] [5] [6] .
Breast cancer may be associated with the high exposure of breast tissue to exo-and endogenous estrogens. Estrogens produce DNA bulky adducts and oxidative base damages which are removed in nucleotide excision repair (NER) and base excision repair (BER) systems. The reaction of breast cells to DNA damage may be very important for their susceptibility to cancer development. This reaction is executed mainly by DNA repair, which can be modulated by the variability in the genes encoding DNA repair proteins.
A NER system removes short DNA oligonucleotides containing a damaged base [7] . NER recognizes bulky lesions caused by carcinogenic compounds and covalent linkages between adjacent pyrimidines resulting from UV exposure. NER is further classified into global genome repair (GG-NER) that occurs everywhere in the genome and transcription-coupled repair (TCR), which removes lesions in the transcribed strand of active genes. NER is a multistep process involving multiple proteins such as ERCC1, ERCC2, ERCC3, ERCC4, PCNA, RPA, XPA, and p53.
BER is critically important for repairing base damage induced by reactive oxygen species (ROS). BER corrects small DNA alterations that do not distort the overall structure of DNA helix, such as oxidized bases, or incorporation of uracil. BER is initiated by DNA glycosylases, which cleave N-glycosylic bond of damaged bases leaving apurinic/ apyrimidinic site (AP site) [8, 9] .
A damaged base is recognized by a specific glycosylase, which cleaves the bond between the base and sugar, creating an abasic site, which is cleaved by an endonuclease. Resulting gap is filled by polβ, and the remaining nick is sealed by DNA ligase LIG1 or LIG3 complexed with XRCC1.
Because NER and BER are involved in removing a substantial number of DNA damages, which can contribute to the genome instability, it is reasonable to check whether variability in the genes coding for BER and NER products may be associated with TNBC.
In the present work, we analyzed an association between TNBC and three SNPs occurring in two BER and NER genes: hOGG1 -Ser326Cys (rs13181), XRCC1-Arg194Trp (rs1799782) and ERCC2-Lys751Gln (rs13181), respectively. These polymorphisms have been correlated with various cancers [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] , but little is known about their association with TNBC.
Materials and methods

Patients
In the present study, paraffin-embedded tumor tissues were obtained from 70 women with triple-negative breast carcinoma, treated at the Department of Oncology, Institute of Polish Table 1 . Samples from age-matched, cancer-free women (n = 70) served as the control (mean age 45.41±18.21). Control samples that consisted of DNA were extracted from normal breast tissue. Normal breast specimens were obtained from patients who had undergone biopsy for benign lesions. The study was approved by the Local Ethics Committee of the Institute of Polish Mother's Memorial Hospital, Lodz, Poland, and each patient gave a written consent.
DNA isolation
The cancerous and noncancerous breast tissue samples were fixed routinely in formaldehyde, embedded in paraffin, cut into thin slices, and stained with hematoxylin/eosin for pathological examination. DNA for analysis was obtained from an archival pathological paraffin-embedded tumor and noncancerous breast samples which were deparaffinized in xylene and rehydratated in ethanol and distilled water. In order to ensure that the chosen histological material is representative for cancerous and noncancerous tissue, every tissue sample qualified for DNA extraction was initially checked by a pathologist. DNA was extracted from the material using commercially available QIAamp Kit (Qiagen GmbH, Hilden, Germany) DNA purification kit according to the manufacturer's instruction.
Determination of ERCC2 genotype
Polymorphism Lys751Gln of the ERCC2 gene was determined by PCR-RFLP, using primers (forward 5′-CTGCTC AGCCTGGAGCAGC-3′ and reverse 5′-ACTGTCACTAGT CTCACCAG-3′ 
Statistical analysis
The allelic frequencies were estimated by gene counting, and the genotypes were scored. The observed numbers of each hOGG1, XRCC1, and ERCC2 genotype were compared with those expected for a population in Hardy-Weinberg equilibrium by using the chi-square test. Genotype frequencies in the study cases and the controls were compared by the chi-square test. Genotypespecific risks were estimated as odds ratios (ORs) with associated 95 % confidence intervals (CIs) by unconditional logistic regression. p values<0.05 were considered significant. All the statistical analyses were performed, using the STATISTICA 6.0 software (Statsoft, Tulsa, OK, USA).
Results
All the recruited TNBC samples (n =70) and control (n =70) were successfully genotyped for the ERCC2, hOGG1, and XRCC1 polymorphisms. From the PCR analysis, all patients were classified into three genotypes of the ERCC2 polymorphism: Lys/Lys, Lys/Gln and Gln/Gln, and hOGG1 polymorphism; Ser/Ser, Ser/Cys and Cys/Cys, and XRCC1 polymorphism; and Arg/Arg, Arg/Trp, and Trp/Trp genotypes.
It can be seen from Table 2 that there are significant differences in the frequency of ERCC2-Lys751Gln genotypes (p <0.05) between the two investigated groups. A weak association was observed between triple-negative breast carcinoma occurrence and the presence of Gln/Gln genotypes. Variant 751Gln allele of ERCC2 increased cancer risk. In case of the Lys751Gln polymorphism of ERCC2 gene, the distribution of the genotypes in the patients differed significantly from the one expected from the Hardy-Weinberg equilibrium (p < 0.05).
No statistically significant differences were observed in genotype frequencies of hOGG1-Ser326Cys and XRCC1-Arg194Trp polymorphisms between the control group and the TNBC patients (see Tables 3 and 4) . Among the patients, all genotype distributions did not differ significantly (p >0.05) from those expected from the Hardy-Weinberg equilibrium.
Histological grading was related to ERCC2-Lys751Gln, hOGG1-Ser326Cys, and the XRCC1-Arg194Trp polymorphisms. Histological stages were evaluated in all the cases (n =70). There were 20 cases in stage I, 45 cases in stage II, and 5 cases in stage III. Stages II and III were accounted together for statistical analysis (see Table 5 ). No differences were observed in those groups regarding either ERCC2-Lys751Gln genotype or allele distributions. Some correlation was observed between the hOGG1-Ser326Cys and XRCC1-Arg194Trp polymorphisms and TNBC invasiveness. An increase was observed regarding Ser/Cys heterozygotes frequency (OR 2.42; 95 % CI 0.58-9.99, p =0.177) and Arg/Trp heterozygotes (OR 1.89; 95 % CI 0.54-6.57, p = 0.479) in stage I patients, according to the Scarf-BloomRichardson classification. That increase was, however, not statistically significant (p >0.05). Table 6 shows the distribution of genotypes and the frequency of alleles in patients with different tumor size. A tendency for an increased risk of TNBC was observed with the occurrence of 751Gln allele of ERCC2 polymorphism. That increase was statistically significant (p <0.05). There were no differences either in the distribution of genotypes or the frequency of alleles in the group of patients with (N+) and without (N−) lymph node metastases (Table 6 ).
Discussion
The aim of the present study was to evaluate the associations between the risk of TNBC and polymorphisms in the genes, Table 2 Distribution of Lys/Lys, Lys/Gln, and Gln/Gln genotypes and frequencies of the Lys and Gln alleles of the ERCC2 gene in patients with triplenegative breast cancer and controls
ERCC2-Lys751Gln
TNBC patients (n =70) encoding for key proteins of BER and NER. In the present work, we analyzed three single nucleotide polymorphisms of the XRCC1, hOGG1 , and ERCC2 DNA repair genes and tested the association between the distributions of their genotypes with TNBC. ERCC2 -Lys751Gln, hOGG1 -Ser326Cys, and the XRCC1 -Arg194Trp polymorphisms have been shown to have functional significance and may be in part responsible for the interindividual difference in capacity of DNA repair in the general population and for low DNA repair efficacy in patients with various cancers [25] [26] [27] [28] .
In the presented study, ERCC2 -Gln/Gln genotype was associated with an elevated risk of TNBC in the Polish population. There was a 5.71-fold increased risk of TNBC for ERCC2 -Gln/Gln genotype carriers, compared with subjects with the ERCC2-Lys/Lys and Lys/Gln genotypes, respectively. We have also found that ERCC2-Lys751Gln polymorphism was related to tumor size. This result may suggest major contribution of the Lys751Gln polymorphism of the ERCC2 gene in cancer development, but more studies performed on larger population are needed to draw a final conclusion.
It is known that the Gln/Gln homozygous variant of the ERCC2 gene has been associated with an increased risk of lung, skin, bladder, and breast cancer [20, 21, 29, 30] .
The role of ERCC2-Lys751Gln polymorphisms and breast cancer development is still unknown. To date, no studies have addressed the association between alterations in this region of the ERCC2 gene and TNBC. Because a proper functioning of the ERCC2 gene is important for the genomic stability, its alternations may be associated with higher cancer susceptibility.
Breast cancer is estrogen related. Estrogen mediates cellular growth and differentiation in tissues such as the mammary [31] . BER is very important for repairing base damage induced by ROS. In our study, we analyzed the association between polymorphisms of two genes of BER and TNBC.
In the literature, much research suggests that Ser326Cys polymorphism of hOGG1 gene may contribute to mammary carcinogenesis [32] [33] [34] . However, the reported results have rather been inconsistent [35] [36] [37] . What is important is that recent reports introduce the role of Ser326Cys polymorphism in the development of TNBC [34] .
In the recent studies, Ser326Cys polymorphism of hOGG1 may be associated with an elevated tumor risk in the Chinese populations, regarding TNBC [28] , while there are still no data, which would be illustrating the significance of hOGG1 polymorphism for TNBC development in other populations. In the reported study, the Ser326Cys polymorphism of hOGG1 gene was not correlated with triple-negative breast carcinoma progression.
Literature data suggest a protective role of the Trp/Trp genotype of the Arg/Trp polymorphism of the XRCC1 gene against the development of cancer, and this function can be underlined by increasing the activity of BER [27, 38] . In the literature, many reports confirm the significance of XRCC1-Arg194Trp polymorphism, regarding the risk of breast carcinoma [39] [40] [41] [42] . This is not in agreement with our result. In the present work, no significant associations were observed between Arg194Trp genotype of XRCC1 and the incidence of TNBC in the Polish women.
In conclusion, in the present study, an association was identified between Lys751Gln polymorphism of ERCC2 and the incidence of TNBC. The obtained data suggest that the reported study may be the first observation of the polymorphisms in ERCC2 , hOGG1 , and XRCC1 genes, involved in the DNA repair pathway, to be associated with triple-negative breast carcinoma risk in the population of Polish women. Further studies, conducted on a larger group, are suggested to clarify this point. 
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